When using parallel screws for treatment of femoral neck fractures, shortening of the femoral neck might occur. Given the high revision surgery rates associated with parallel screws, we developed a questionnaire to explore (1) surgeons' viewpoints on difficulties in the fixation of femoral neck fractures, (2) their perception of the clinical importance of femoral neck shortening after internal fixation, and (3) their opinions regarding the ideal fixation device. Two hundred three surgeons responded. Eighty-three percent believed shortening of the femoral neck is common after screw fixation of femoral neck fractures; 89% believed shortening limits hip abductor function; and 69% believed shortening limits patients' physical function. When asked for features of the ideal implant for treatment of a femoral neck fracture, allowing compression across the fracture site on insertion and providing angular stability with a fixed-angle device to minimize shortening of the femoral neck were favored by 89% and 79% of the respondents, respectively. A plate with multiple nonparallel lag screws that can be locked into the plate might be a solution. However, the findings of this study are surgeons' opinions, which may or may not be confirmed by scientific evidence.
The number of people older than 60 years is projected to increase from 605 million in 2002 to 1.2 billion by the year 2025, and the number of hip fractures is expected to rise to approximately 6.3 million per year worldwide by 2050, with women experiencing approximately 80% of all hip fractures. 9, 21, 27, 34 Operative treatment of hip fractures is the mainstay. 3, 10 Options for internal fixation include various implants, including sliding hip screws and parallel multiple screws. 23, 25 Although numerous reports and textbooks recommend parallel multiple screws as the preferred surgical technique, 2, 7, 22, 24, 31, 32 evidence remains inconclusive. 25 Both implants allow for dynamic compression of the fracture site during weightbearing and therefore it is plausible that shortening of the femoral neck might occur. Despite a staggering yearly incidence, patients treated operatively for hip fractures continue to have high mortality (ie, 20%) and revision surgery rates (35%). 3, 10 Given the high revision surgery rates associated with internal fixation, lack of evidence favoring alternative implants, and the need to develop better implants and techniques to improve the care of patients with femoral neck fractures, we conducted a survey among orthopaedic surgeons to identify current problems and possible solutions.
We hypothesized femoral neck shortening allowed by the sliding characteristics of common devices would be perceived as highly problematic by a high proportion of surgeons. In addition, we believed a high proportion of surgeons would prefer implants that prevent femoral neck shortening.
MATERIAL AND METHODS
We conducted a cross-sectional survey of orthopaedic surgeons globally to evaluate their preferences regarding internal fixation, their perceptions regarding causes of implant failure, and their beliefs regarding potential implant design features that may improve patient outcomes. Three orthopaedic surgeons in Canada and the United States, two engineers (PhD level), one epidemi-ologist, and the literature guided the development of items for the questionnaire.
Using our consultants and the available literature, we generated items for the questionnaire. The items generated from discussion with surgeons and epidemiologists were augmented by data from a MEDLINE search of articles published from 1969-2003 using the text words "hip fracture," "internal fixation," and "outcomes."
The final questionnaire framed the response options in one of two ways, 5-point Likert scales or nominal scales. One report suggested closed-ended questions result in fewer incomplete questionnaires than open-ended formats. 13 The respondents provided their age, gender, number of femoral neck fractures treated per year, supervision of resident trainees, continent of practice, fellowship training in trauma or hip reconstruction, and type of practice (community or academic). Academic practice was defined as a formal affiliation with a university center.
We pretested the final questionnaire with two surgeons and one MSc-level epidemiologist for face, content validity, and clarity. The final questionnaire was edited to its final form after two iterations of assessments. Subsequently, we identified surgeons who were members of the Orthopaedic Trauma Association (active members, associate members, international members, senior members, honorary members, and emeritus members) and European, Asian, African, South American, and Australian clinics affiliated with the Association Internationale pour l'Ostéosynthèse Dynamique (Nice, France). Surgeons were identified from Internet-based Web sites of each organization and from membership listings in proceedings handbooks from annual meetings. Based on our initial experience with surveys in the orthopaedic community, 4 we did not expect a response rate greater than 60% and therefore sent out enough questionnaires to ensure our sample size requirement of 195 respondents would be met. Questionnaires were sent out in samples of 100 until the absolute number of responses reached the required sample size. Each surgeon received a mailed package (seven-page survey, a personalized cover letter, and a stamped return envelope). Six weeks after the initial mailing, we remailed the questionnaire to all nonresponders. Individual responses were kept confidential and questionnaire completion was voluntary. Our local ethics review board approved the study (Institutional Review Board #2006-039).
We summarized categorical and dichotomous variables with percentages. Continuous variables were summarized with means and standard deviations. Whenever the distribution of responses for a particular item in the questionnaire had multiple empty cells, we collapsed the categories in that particular item to achieve a more uniform distribution of responses.
To ensure efficiency and minimize costs associated with survey administration, we estimated the sample of surgeons required to ensure adequate study power for our survey. To determine the number of respondents needed to sufficiently power our analysis, we assumed approximately 85% of surgeons surveyed would consider femoral neck shortening (associated with current devices) a problem. Assuming a Z value of 1.96, a 95% confidence interval (95% CI) around our estimate (also known as the margin of error for survey responses), the calculation for appropriate sample size was performed according to the following formula: N ‫ס‬ (Z ␣ /w) 2 p(1 − p), in which Z ‫ס‬ z value (1.96 for 95% CI); w ‫ס‬ the confidence interval, expressed as a decimal (± 5 ‫ס‬ 0.05); and p ‫ס‬ percentage picking a choice, expressed as a decimal (30% ‫ס‬ 0.3). According to our calculation, approximately 195 completed questionnaires would facilitate meaningful analysis. Therefore, we stopped the questionnaire administration after 195 responses were obtained; subsequently, we received eight more completed questionnaires totaling 203 respondents (response rate, 51%).
RESULTS
The typical respondent was North American (81%), older than 40 years, who completed a trauma fellowship (58%) and worked in an academic setting (68%) ( Table 1 ). Surgeons were twice as likely to favor arthroplasty over internal fixation for treatment of displaced femoral neck fractures (47% versus 27%; 26% unsure) in elderly patients. However, in young patients, the majority of respondents (98%; 95% CI, 95-99%) believed displaced femoral neck fractures should be treated with internal fixation. The choice of the fixation devices was investigated in a prior survey and therefore not considered further in the current survey. 4 When internal fixation using multiple cancellous screws was the preferred approach to managing femoral neck fractures, surgeons placed emphasis on technical issues to limit fixation failure and need for revision surgery, including (1) quality of reduction (95%; 95% CI, 91-97%), (2) fracture site compression (83%; 95% CI, 78-88%), and (3) ensuring the inferior screw was adjacent to the calcar buttress (69%; 95% CI, 62-75%). Surgeons believed failure of internal fixation was the result of a lack of stability (55%; 95% CI, 48-62%) rather than a lack of perfusion (20%; 25% unsure). Two of three surgeons (60%; 95% CI, 53-67%) also perceived revascularization of the fracture was impeded without stable fragment fixation ( Table 2) .
The majority of the surgeons (83%; 95% CI, 78-88%) believed shortening of the femoral neck is a common occurrence seen after parallel screw fixation of femoral neck fractures. Femoral neck shortening was perceived as a problem because of its negative impact on gait and subsequently the patient's mobility. The majority of respondents believed femoral neck shortening limits hip abductor function (89%; 95% CI, 84-93%), and two of three surgeons (69%; 95% CI, 62-75%) also believed femoral neck shortening limits patients' physical function, including gait and mobility. Surgeons' opinions were divergent on the degree of shortening that led to clinically important limitations in function. Respondents' opinions regarding the overall consequences of femoral neck shortening on patients' quality of life also were divided; however, 42% (95% CI, 35-49%) of respondents considered shortening of the femoral neck to have a negative impact on patients' quality of life and 26% (95% CI, 21-33%) were undecided (Table 3) .
Surgeons emphasized anatomic reduction of the fracture and angular stability of the implant as factors that potentially could help decrease rates of fixation failure and revision surgery seen with current techniques and implants used for femoral neck fracture fixation. Many surgeons (80%; 95% CI, 74-85%) believed anatomic reduction is more important than minimal invasiveness and 91% would rather perform an open reduction than leave a 1-cm fracture gap. More than 1 ⁄2 of the respondents (59%; 95% CI, 52-66%) also believed anatomic reduction is more important than proper screw positioning. With respect to the function of the implant after the procedure is performed, 79% (95% CI, 73-84%) believed providing angular stability would be a major benefit for an implant in intracapsular fractures.
Surgeons believed an ideal implant for femoral neck fracture fixation should meet the following criteria: (1) provide excellent patient outcomes in simple and complex femoral neck fractures (93%; 95% CI, 89-96%); (2) provide instrumentation that improves the surgeon's ability to obtain a fracture reduction (92%; 95% CI, 88-95%); (3) allow compression (lag screw effect) across the fracture site on insertion (89%; 95% CI, 84-93%); (4) provide angular stability and prevent or at least minimize shortening of the femoral neck (79%; 95% CI, 73-84%); (5) allow a minimally invasive surgical insertion (74%; 95% CI, 67-79%); and (6) provide excellent outcomes even when the fracture is not anatomic (69%; 95% CI, 62-75%) ( Table 4) .
DISCUSSION
Given the high failure rates associated with internal fixation of femoral neck fractures, we conducted a survey among orthopaedic surgeons to identify current problems and possible solutions. We hypothesized femoral neck shortening allowed by the sliding characteristics of common devices was perceived as highly problematic by a high proportion of surgeons. Additionally, we believed a majority of surgeons would prefer implants that prevent femoral neck shortening.
We caution readers about the following issues. First, our results might not be generalizable to orthopaedic surgeons who work in nonacademic centers and outside North America and Europe. Second, the response rate was relatively low (51%), leading to possible nonresponder bias. Furthermore, the findings of this study are surgeons' opinions, which may or may not be confirmed by scientific evidence in the future. However, our study included (1) active surgeon participation in the questionnaire development, (2) a comprehensive sampling of surgeons with an interest in caring for trauma patients, and (3) a sufficient sample size minimizing the margin of error of the responses to approximately ± 5%.
Treatment of displaced femoral neck fractures in the elderly includes two major options, internal fixation and arthroplasty. Surveys suggest patients' concerns about mortality associated with arthroplasty are greater than their concerns about increases in revision surgery with internal fixation. 5 These issues should be considered in the decision-making process. However, many surgeons prefer to treat displaced femoral neck fractures in elderly patients with arthroplasty, a preference largely based on the high rates of revision surgery associated with current internal fixation devices. Improvements in internal fixation techniques and implants might have the potential to change surgeon treatment preferences away from arthroplasty toward internal fixation. Surgeons' perceptions parallel current evidence regarding the importance of the quality of reduction for stability of femoral neck fractures fixed with parallel screws. Poor reductions have been associated with fixation failure in numerous studies. 1, 14, 15, 18, 19, 22, 24, 30, 33, 36 The hip acts as a fulcrum balancing the force generated by the body weight with the force generated by the abductors. Shortening of the femoral neck leads to a decrease of the moment arm for the abductor muscles, which insert on the lateral aspect of the proximal femur. A decreased moment arm increases the force the abductors have to generate. The clinical relevance of an intact lever arm for the abductor musculature is well known in hip arthroplasty literature. 8, 11, 20, 29 In a small retrospective study we found an incidence of femoral neck shortening after parallel screw fixation of approximately 30% after displaced and undisplaced femoral neck fractures. 35 Patients with healed shortened femoral necks had lower physical functioning and role-physical subscores on the Short Form-36 Health Survey compared with patients with a healed nonshortened femoral neck. 35 However, the incidence data were based on 56 cases only and the clinical data were based on 13 cases only. It is not clear whether the differences found in that study are real. As shown in this survey, surgeons' perceptions support those results. Only 11% of the surgeons believed femoral neck shortening after internal fixation of femoral neck fractures is rare. Eighty-nine percent of the surveyed surgeons believed shortening can limit hip abductor function and 69% thought shortening limits patients' physical functioning.
The advent of fixed-angle devices has led to improved outcomes in the treatment of metaphyseal, periarticular, and some diaphyseal fractures during the last decade, especially in osteoporotic bone. 6, 16, 17, 28, 37 However, internal fixation devices for femoral neck fractures have not yet been part of this evolution of implants. Until now, multiple parallel screws and sliding hip screws with a side plate are the most commonly used devices. Both implants allow for 26 However, it is not clear whether dynamic compression is necessary or compression achieved during fixation is sufficient. In fact, one randomized controlled trial reported higher failure rates for displaced femoral neck fractures when sliding hip screws were used in a dynamic compression mode compared to static locking (33% vs. 18%). 12 Given the high revision surgery risk associated with internal fixation of femoral neck fractures (35% at 1 year), 3 developing alternative internal fixation strategies and devices seems imperative. In our study, 79% of the surgeons believed the ideal implant for treatment of femoral neck fractures should be a fixed-angle device, which prevents shortening. In our opinion, a plate with multiple lag screws that are inserted in a divergent or convergent manner after appropriate reduction is obtained and subsequently can be locked into the plate might be such an implant.
Current treatment options for internal fixation of femoral neck fractures are associated with an unacceptably high revision surgery rate. Limited clinical evidence and surgeons' perceptions indicate, of the remaining healed fractures, a large proportion heal with the femoral neck in a shortened position, which has a negative effect on patients' physical functioning. The results of this survey confirm surgeons favor developing improved internal fixation devices for treatment of femoral neck fractures. The majority of surgeons believe the ideal implant for internal fixation of femoral neck fractures should be a fixed-angle device, which allows fracture site compression on insertion but prevents additional femoral neck shortening.
The burden of hip fracture care to the healthcare system calls for collaborative efforts among surgeons, industry partners, and researchers to develop the next generation of internal fixation devices for hip fractures to improve outcomes important to patients. Reducing the revision rates even by a small percentage would result in multimilliondollar savings to the healthcare system. 
